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The  success  of  the  HF  chemical  laser  depends  to  a large  extent  on 
the  relative  rates  of:  (1)  the  F + H2  pumping  reaction  which  produces 
vibrationally  excited  HF(v),  and  (2)  the  deactivation  of  HF(v)  by 
collisions  with  H2,  F,  H,  buffer  gas,  and  HF  itself.  Although  the 
deactivation  of  HF  by  H2,^  F,^  and  HF^  has  been  both  experimentally  and 
theoretically  well-characterized  with  generally  good  agreement  between 
experiment  and  theory,  the  situation  is  far  less  satisfactory  for 

H + FH  and  its  isotopic  counterparts,  D + FD,  K + FD,  and  D + FH.  The  ! 

three  experimental  determinations  of  the  H + FH  (v  = 1)  deactivation 
rate^r^*^  give  rate  constants  at  300°K  of  < (7  ± 4)  x 10^^,'*  £ 9 x 
10^,^  and  (1.4  + 0.4)  x 10^^  cm^ /mole- sec thus  disagreeing  with 
one  another  by  amounts  well  outside  their  respective  error  limits. 

Agreement  with  the  results  of  a theoretical  (classical  trajectory) 
calculation  of  this  rate  constant  is  no  better  with  a predicted  value 
of  2.2  X 10^2  cm^ /mole-sec  at  300°K.  Similar  experimental  and  theoreti- 
cal comparisons  of  the  rate  constants  for  the  deactivation  of  D + FD 
(v  = 1),  D + FH  (v  = 1),  and  H + FD  (v  = 1)  are  also  poor. 5 

The  approximation  of  classical  dynamics  has  been  analyzed  in  detail 
for  the  F + H2^  and  F + D2®  reactions,  and  its  most  important  conse- 
quences for  reactive  collisions  were  found  to  be  an  inadequate  descrip- 
tion of  resonances,  neglect  of  tunneling,  and  dynamical  threshold 
effects.  In  considering  vibrational  deactivation  processes,  we  must 
also  examine  the  validity  of  the  quasi-class ical  prediction®  that  multi- 
quantum jump  transitions  are  extremely  important  in  deactivating 
collisions  (both  nonreactive  and  reactive)  for  H + FH.  If  true,  it 
could  be  important,  for  it  would  mean  that  H atoms  can  be  very  efficient 
deactivators  of  HF.  In  addition,  much  of  thb  theoretical  analysis  is 
predicated  on  the  assumption  of  the  dominance  of  single  quantum  jump 
transitions.^ 
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In  this  paper  we  examine  the  dynamics  of  reactive  and  nonrcactlvc 
H + FH  and  its  isotopic  counterparts  using  accurate  quantum  mechanical 
methods.  In  all  calculations  we  restrict  our  considerations  to  collinear 
collisions,  an  approximation  which  renders  the  quantum  mechanical 
problem  tractable  while  still  retaining  many  of  the  important  dynamical 
features  of  the  three-dimensional  (3-D)  world 

The  potential  energy  surface  used  was  Muckerman's  Surface  Five^^»^^ 
whose  LEPS  parameters  are  given  by  Schatz  et  al.^  This  surface  has  a 
barrier  height  of  1.23  kcal/mole  for  the  collinear  K + FH  HF  + H 
exchange  reaction.  Recently,  Bender  et  al.^^  have  shown  that  this 
barrier  is  seriously  in  error,  the  correct  value  being  estimated  at 
about  40  kcal/mole.  The  present  results  may  nevertheless  be  qualita- 
tively correct  if  the  quantum  number  of  the  initial  vibrational  states 
considered  are  increased  so  as  to  place  these  states  above  the  correct 
barrier.  Those  features  of  the  results  depending  on  the  atomic  masses 
(such  as  the  skew  angle  between  the  coordinate  axis  in  terms  of  which 
the  kinetic  energy  operator  is  diagonal)  should  be  correct.  Calcula- 
tions of  the  effect  of  barrier  height  on  these  results  are  in  progress 
and  will  be  presented  elsewhere. 


The  method  used  in  the  calculation  was  a coupled-channel  propaga- 
tion technique^^  previously  applied  to  H + H2,^®  F + and  F + D2.® 

Convergence,  conservation  of  flux,  and  microscopic  reversibility  indi- 
cate that  the  results  are  accurate  to  1%  or  better. 

The  transition  probability  from  vibrational  state  v of  the  reagent 
to  state  v'  of  the  product  is  denoted  by  the  symbol  P^»  for  reactive 
collisions  and  by  P^i  for  nonreactive  ones.  Figures  1 through  3 
display  the  reactive  and  nonreactive  probabilities  Pgv*  (v*  = 0,1,2)  as 
« function  of  the  relative  kinetic  energy  E3  of  the  reagents.  In  all 
these  figures,  reactive  probabilities  exceed  the  nonreactive  ones  in 
the  low  kinetic  energy  region' important  for  thermal  rate  constants. 

Furthermore,  the  multiquantum  jump  probabilities  are  of  the  same  magni- 
tude as  the  single  quantum  jump  ones.  Similar  results  are  obtained  for 
V • 2. 

R V 

Figures  4 and  5 depict  several  of  the  k^i  and  K^i  collinear  rate 
constants  for  H + FH.  They  indicate  that  the  reactive  race  constants 
are  In  general  significantly  larger  than  the  nonreactive  ones.  Figure  6 
■hows  the  total  deactivation  rate  constants  k^  and  k^.  At  300^K,  the 
ratio  k^/k^  is  8.3  for  v = 1,  8.5  for  v » 2,  and  3.5  for  v “ 3.  Figure  7 
contains  Arrhenius  plots  of  k^Q  and  kjQ  for  H + FH,  D + FD,  H + FD,  and 
D + FH,  which  indicate  that  substitution  of  H by  D does  not  qualitatively 
affect  these  results,  except  for  the  H + FD  system.  ■ 

S*etlM  || 

In  sumnary,  for  all  transition  probabilities  and  race  constants  the 
reactive  mechanism  dominates  over  the  nonreaccive  one  in  producing 
vibrational  deactivation.  This  result  Is  apparently  of  general  validity  — 
over  a wide  range  of  impact  parameters  since  the  same  conclusions  (even 
tha  same  ratios  of  rate  constants)  were  obtained  by  Wilkins^  in  his  3-D 


oo 


classical  calculations.  Secondly,  multiquantun  jump  transition  proba- 
bilities are  comparable  in  magnitude  to  single  quantum  jump  transition 
probabilities.  This  is  clearly  a consequence  of  the  use  of  a reactive 
potential  energy  surface  since  the  analogous  H + HF  results  (for  a 
surface  which  is  nonreactive  at  the  energies  considered)  indicate  that 
single  quantum  jump  transition  probabilities  are  orders  of  magnitude 
larger  than  all  others.  Finally,  we  should  reiterate  that  the  potential 
energy  surface  used  is  of  questionable  validity  because  of  its  low 
barrier  height,  but  that  similar  results  may  still  be  obtained  for 
higher  barriers  for  those  reagent  vibrational  states  which  lie  above 
the  barrier . 
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Figure  1.  Transition  probabilities  P^q  P30  H + FH  as 
a function  of  the  reagent  relative  translational  energy  E3. 
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Figure  2.  Transition  probabilities  a: 

({  -f  FH  analogous  to  Figure  1 
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fifur*  7.  Arrhenius  plot  of  eh*  r«e*  constants  and 
for  H + FH,  kjQ  and  k^Q  for  D + FD,  kjg  and  k^^  for 
D ♦ FH,  and  k,-  and  kYn  for  H <«>  FD. 
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